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Accordingly, the main purpose of the present invention is to 
provide a heat resistant alloy wire which is most suitable for a spring 
material at a high temperature region (600°C or more and 700°C or 
less), too, by carrying out the grain size control of y-phase being the 
base ingot of a heat resistant alloy which is Ni-base or Ni-Co-base and 
the precipitation control of y'-phase [Ni 3 (Al, Ti, Nb, Ta)], and superior 
in the settling resistant property at high temperature. 

Disclosure of the Invention 

The heat resistant alloy wire of the present invention is a heat 
resistant alloy wire containing 0.01 to 0.40% by weight of C, 5.0 to 
25.0% by weight of Cr and 0.2 to 8.0% by weight of Al, and 
containing at least one selected from 1.0 to 18.0% by weight of Mo, 
0.5 to 15.0% by weight of W, 0.5 to 5.0% by weight of Nb, 1.0 to 
10.0% by weight of Ta, 0.1 to 5.0% by weight of Ti and 0.001 to 
0.05% by weight of B, further containing at least one selected from 3.0 
to 20.0% by weight of Fe and 1.0 to 30.0% by weight of Co, and 
mainly comprising Ni and inevitable impurities as the residual part, in 
which the tensile strength is 1400 N/mra 2 or more and less than 1800 
N/mm 2 , the average crystal grain size at cross section is 5^im or more 
and less than 50 urn, and the aspect ratio (length/breadth) of crystal 
grains at longitudinal section is 1.2 to 10. 

Since the alloy wire of the present invention is mainly used as a 
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material for a spring, coiling is required to be carried out after wire 
drawing processing. It is necessary that the tensile strength is 1400 
N/mm 2 or more and less than 1800 N/mm 2 considering the tensile 
strength required for processing at this time and the dangerous 
property of wire break at the processing. 

Further, when the aspect ratio of crystal grains at longitudinal 
section is less than 1.2 or exceeds 10, the adequate settling resistant 
property at high temperature cannot be obtained. 

Furthermore, it is desirable for improving heat resistant 
property that the average crystal grain size at cross section of the alloy 
wire before the coiling is 10 [im or more. Since slip is generated at 
crystal grain boundary, it is set for reducing the crystal grain boundary. 
When the average crystal grain size at cross section is 50 \xrn or more, 
the tensile strength at room temperature which is necessary for the 
coiling is not obtained, therefore it is set at less than 50 ^im. Hereat, 
the average crystal grain size at cross section corresponds to the 
fore-mentioned y-phase. 

It is effective to make the solution treatment temperature high 
for the above-mentioned crystal grain size control. Specifically, a 
specified crystal grain size can be easily obtained in a short time by 
carrying out the solution treatment at 1100°C or more and less than 
1200°C. Further, when the solution treatment is carried out at 
1000°C or more and less than 1100°C, an alloy wire excellent in the 
settling resistant property at high temperature can be also obtained by 
setting the section reduction rate after wire drawing processing at 5% 
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to 60% and preferably 10% to 20%. 

The alloy wire of the present invention is a y'-precipitation 
strengthening type heat resistant alloy wire. After carrying out the 
coiling to the alloy wire of the present invention to which the 
above-mentioned crystal grain size control has been carried out, a 
requisite high heat resistant property is obtained by selecting and 
carrying out the appropriate time effective treatment for one hour or 
more and less than 24 hours at 600°C or more and less than 900°C. 
The y'-phase can be detected by X-ray diffraction. 



3 



<19>B*B!|$fF;f (JP) (12) if^ |f ^ $g (B2) (ll)1*fp#^ 

#ffjg3371423^ 
(P3371423) 

(45)%fr B ¥f£15# 1 £27 B (2003. 1 . 27) (24)g@B ¥^14^1 1J322 B (2002. 11.22) 

(5Dint.ci. 7 mmn f i 

C 2 2 C 19/05 C 2 2 C 19/05 Z 



H*«©S:3(^ 6 H) 



(21)fflM#^ 


!|$S2000-596188(P2000-596188) 




000002130 










(86) (22)ffl8iB 


¥tfU2*p 1 £24B (2000. 1.24) 




AKJffARm+^rab*B3Ta 5 #33^ 








mm n 


(86)Bnettm»# 


PCT/J P 0 0/0 0 3 2 9 






(87)HBSiiffl#^ 


WO 00/044950 






(87)BK£fHB 


¥j£l2*p8 n 3 B (2000. 8. 3) 




MSB a 




¥/*12*P10E 30B (2000. 10. 30) 




A^m#»*s»^t-Tg i#i# ft 




fti§¥l 1-20743 






(32)«5fcB 


¥-mW 1 ^28B (1999. 1.28) 




IS* Bf 


(33)«JfcHB;3gg 


B* (JP) 


















(74)ftS|A 


100100147 
















'i-w mm 











(54) mwozm mm&&m 



i 

] fia%"CC: 0.01—0.40, Cr: 5.0~25. 
0, Al : 0.2~8.O^Ml, 

#>OMo: 1.0—18.0, W: 0.5—15.0, Nb : 0.5—5.0, T 

a: l.o—io.o, Ti : o.i— 5.oteJ:C>*B : 0.001—0.05*^ 

mm £ titcMj: < t <> 1 «*^r l . 

££(CFe: 3.0— 20.0*J<fct>*Cb: 1.0— 30.0*>6)i{R£ft 
gHffitf Nifc «fc ^afcTOfrgj* «b 4 Wj^#j§-C& -> 

r. 

SISS^S^HOON/mm 2 kJ_LlS00N/mm 2 5fcfig-C'£>«3, 
gi»riB©^*SaSfl^5 w mW±50u m*iST* 0 . 
KS»r®©fSifi&©y hit (gS/JSfStb) #1.2 
-10T-* SCi Srltfi i -r Siia^S!. 



2 

[ft*® 3 ] fflI*s«taIT*5C tzmmtTzn 

Lr<5ffl$ti4rti (tf-x^-c h) &mamzm? 

10 6Ni»^U< WNi-CoSWfi^S4cM-r?,t©-C$) 

4. 

Wintry 

sifi> y xdsesur sera t,> 6 *i 5 «taaft& i 

L-C. »fl*»6 3 5 0 T!©^ffl|£i*rttfi£*iiM*»£ 
LtMfflS^t £;fcSUS304, SUS316, SUS63U1& £"©:* 



(2) 

3 

h^Xr>UX^^6tirt^o^/c, 400 
^£r£>£lnconelX 750, Inconel718 (ifflS) &<£f#JB 

«*S600'CaST * o /c^tagP D a p^Cfe^r 650°Cifi < * 
"C±SU NiKWI&^#T'&&InconelX750, Inconel7 

istt£*flK>Tfc, «F(cKM»iaec£«acK 10 

Waspaloy, Udimet700 (iSS) ft £©Ni-CbatW*&^*5 

±IB(DNi®^*5j:CKNi-Cc^^«, 1>"S**i*>t' 
"ffi (Ni 3 Al *S*^<br4*TatB) %Sffir*5rtH 

r' wofflinwfBi^sriao 20 

4$&BB48-7173«t&$RT-«, 600°C«±r©WI»^K 
£f^£fc#)CCMo, W, Al, Ti, Nb, Ta, V il^/c^JjP 

W&BB54- 6968^4i*r «*fi5SS, 0 R Att*$ J: MB 
lfett£f#£/c#>&C, Mo, WCD aWM^Tn , AlCD^Wfite 

*> 0 > ifM»4a(Ci^S«: 6 0 0 °ca±<O^U^V<Dm^tc 

mitt. bes. Hjt. *#<b«tfMi, m*. «fc»n 

X, «adJ»«ffl*ff H©t*ot, *OBSCctTfoti* 

*4B^^OSSfi-c*-5 rtHOtftSftifiSPi r' tB[Ni 3 
(AT, Ti, Nb, Ta)] <D«ftt*Jiap%tf 5 Ci&CioT, 

(6oo°c«±7oo°cwt) cctetirfctffcttccaa 

$>&o 40 

fifi%rc: 0.01-0.40, c 

r: 5.0—2 5.0, Al : 0.2-8.0^ML/, ^OMo : 1.0—1 
8.0, W: 0.5—15.0, Nb: 0.5—5.0, Ta : 1.0—10.0, T 
i : o.i— s.otecfc^B : 0.001— 0. 05#>6 MtR 3 kxtc'pti: 
< tt>imZ^mi>. 3 6*CFe: 3.0^20.0te<fctfGo: 
1.0-30. 0fr£>miRZtitc'J>tj;< 1 MMb. SI 
»W3E«c Nite J: aqpwaiWI!*** 6 tt & 

o "C , 31 3 7^1400N/mm 2 J^_hlS00N/mm 2 T^flST? 4> 0 , 



«Fit3 3 7 1 4 2 3 

4 

*SBRHOJB«4©r^^^ htb (fig/JSSJt) #1.2 

«©ftlfctt*#IStU 5ISR*3r 1400N/mm 2 fcLL 1800 

* fc, tHKDOlSAttO rx^^h Jfc#i . 2*ffi^io£ 

5Ci»*m-C*0 k Jlf*#KU;£ 1100°C«± 1200°C 

atlS*»SCi*sr*4. $/c, iooo°C«±iioo°C* 
SStSmtjffl^f i«5l*ftIX«©»rffl«^ 
^^r5%-60%, Sf* b< «10%-20%^C'r^>Ci'C^ 

±5BISStiS*»Jta*« Lfc*#6Mco^^i»Cc«#aijPX* 

tf^/cfg, 600 - CJy±900 c C*SSr. 1 NFWJW±24ffi!Fra* 

c: o.oi— 0A0wx%L btc 0 
Al»r' tB [Ni 3 (Al, Ti, Nb, Ta) ] ODig&fllJa 

^Jior^^ffl^n^o fiu, ascDas»D«(»fffljjnxtt 

mo, w ttrS (t-xft-f h) ^cciaiigb. 
3B3S3. »^/c014<Z)f^±CC^:^<SF-^-r-So L^L, 

tC«fil8^Stt^Hi Jnxtt^^b^^JBtU-CMc) : 1. 



(3) 



m'3 3 7 1 4 2 3 



0— 18.0wt%, w: 0.5— 15.0wt%£ btc a 

^>^[Ni 3 (Al, Ti, Nb, Ta) ] COWffl^t£tT 5 . J£tT 

Tittr' tB[Ni 3 (Al, Ti, Nb, Ta) ] *«J5WS£B 
a«JSS5c*r*4*i, ^SCCjRJjp-riintBCNijTi: he 

j#§?&t' tB [Ni, (Al, Ti, Nb, Ta) ] OWW**kAa 
fflcD^r $iJfflJT 4 C <b pjffi <t ft * o WSftft WffiM* 
f#4/c«)tC0.1-5.0wt%<i:-rSi^S^*4 o 10 

Ta^Nbpjit^^^>r h^^OT*r**/c«c> % 3*«cas 

#>tei.O— io.Owt%£ L/c 0 

0.001— 0.05wt%£ L/Cc 
Co, FeJ*NiiH**%ff4tt»*s*0. r«Cci«BL/*20 

Si 



7-M'XtB<Dff^Cr)ien^*So ^CTFe: 3.0-20.0W 
Wmifflm&ibK). 8Wr' ffi©H*IWaU£*±W\ ^ 

WS<b L/TCo: 1.0-30.0% ilfc 

ffc»ffli«?l*ftII*l»"5iSL5. 2mmt'McDig|* 
r«RS4imi(DBtilJt*fHHLft:o* l it&KKJt^fliWrffi 





C 


Cr 


Al 


Mo 


W 


Nb 


Ta 


'11 


B 


Fe 


Co 


Ni 


m 

C c> 


c*> 




0.07 


20.0 


1.5 


4.0 








3.0 


0.005 




13.5 


Bal. 


1100 


98.0 




0.04 


19.0 


0.6 


3.1 




5.0 




0.9 




18i> 




BaL 


1100 


98.0 




0.04 


15.0 


0.8 






0.9 




2.5 




7.1 




Bal. 


1120 


98.6 




0.07 


18.0 


2.6 


3.0 


1.5 






5.0 


0.008 




15.0 


BaL 


1120 


99.0 




0.15 


9.0 


6.6 


2.5 


10 




1.5 


1.5 


0.0 to 




10.0 


Bal 


1160 


99.2 




0,06 


18.0 


1.6 










4.0 






15.0 


Bal 


1160 


97.2 


^7 


0.07 


20.0 


1.5 


4.0 








3,0 


0.005 




13.5 


Bal 


1150 


98.0 




0.04 


19.0 


0.5 


3.1 




5.0 




0.9 




18.5 




Bal. 


1150 


98.0 




0.07 


20.0 


1.5 


4.0 








3.0 


0.005 




13.5 


Bal. 


1200 


98,0 


10 


0.04 


19.0 


0.5 


3.1 




6.0 




0.9 




18.6 




Bal. 


1250 


98.0 


ttttWl 


0.07 


20.0 


1.5 


4.0 








3.0 


0.005 




13.5 


BaJ. 


1000 


98.0 




0.04 


19.0 


0.5 


3.1 




5.0 




0.9 




18.5 




Bal. 


1000 


08.0 




0.07 


20.0 


1.5 


4.0 








3.0 


0.005 




13.5 


Bal 


1050 


80.0 




0.04 


19.0 


0.5 


3.1 




5.0 




0.9 




18.6 




Bal 


1050 


80.0 


It (iff 5 


0.07 


SO J) 


1.6 


4.0 








3.0 


aoofi 




23.8 


BaL 


1160 


99.8 


tt**6 


0.04 


19.0 


as 


8.1 




5.0 




OJ 




18.6 




BaL 


1150 


y to* 


Jttt*7 


aoi 


20.0 


u 
















18.5 


BaL 


1100 


•8.0 


MM 8 


0.04 


194) 


0.6 














18.5 




BaL 


1100 


98.0 



ar*srsf*ftaaiioo o cjtu±r«iaffl-r s c t cc ^ 



zm< (Wx«i25o°c) RjeurfHHi/fc. 



7 

tt, C^moK*4fe750°CX8B$raiL/c. 
(KSHW 1 ) 

/c3-rJi/«tatt,iI4, Omm, ¥^-OM12 2. 
Omm, «SWS*»4. 5^^. ><*@i«S5 0. 0 

^W^S^^600MPa) , K^ajS650 o CCC4dlir24hrs. ^ 
f#f£ 0 fit, «Ttc^*r*ffi«cj:0»IB^»rOr 



m$3 3 7 1 4 2 3 

8 

*ffl»B^llrOr*i (%) iTjkto 

mm&A,ffim& (%) 8/tt x < p 1 - p 2 > x d 

/(GXd 3 ) xi 00 CDft#^r^6tl-S 0 P 

ffiU i^S : d (mm) J M£ : D (m 

m) ) 

PI (N) : J£^6 0 OMPaCCfflS-r-SBfS (6 5 0 
•COStKWKP 1 l:W/cit(Z)3^;l/^©^Ma 
(mm) 

10 P2 (N) : 6 5 0-C<DK»«CCXSa (mm) tt» 





(Mm) 




(NAnm 2 ) 


(650t;)(^) 




7.2 


1.56 


1680 


0.36 




7.3 


1.57 


1572 


0.37 


i«6«R|3 


6.9 


3.45 


1701 


0.32 




7.6 


4.21 


1613 


0.34 




7.1 


8.23 


1746 


0.30 




7.2 


8.40 


1720 


0.31 




15.1 


1.56 


1637 


0.28 




17.3 


1-67 


1621 


0.29 




25.3 


1.58 


1531 


0.24 


3tdK« 10 


44.5 


1.56 


1421 


0.20 


tmm 


3.2 


1.58 


1734 


0.45 




2.4 


1.56 


1621 


0.47 


fcfc*£#J3 


7.1 


1.02 | 


1648 ! 


0.51 




. 6.8 


1.01 


1592 


0.45 


tfcttWS 


7.5 


12.0 


1721 


0.44 




6.8 


12.5 


1631 


0.46 


Jt*WJ7- 


7.4 


1.60 


1432 


0.60 


it««8 


7.7 


1.58 


1423 


0,70 



So 



b, Tas Ti*iJ:UtB©15infc$S*tiJtft?M7,8{3:»g-1± 
(SSHS0II2) 

£[h]d^. gaswi4, 15, iammM2tm 



(5) 
£3 



#1*3 3 7 1 4 2 3 



10 





(1C) 


& oc) 




(urn) 


it 








1250 


1050 


80 


6.1 


1.56 


1697 


0.89 




1150 


1150 


80 


6.5 


1.57 


1657 


0.94 




1150 


1050 


20 


6.3 


1.58 


1649 


0.31 i 




1250 


1050 


80 


6.9 


1.68 


1588 


0.38 ! 




1150 


1150 


80 


7.1 


1.54 


1564 


0.33 


ZQfiM 16 


1150 


1050 


20 


7.1 


1.58 


1549 


0.31 



fcSft * noo°C«±co^i » ^Sc c R3£ r * ft: t, > <fc 5 



T' *B [Ni 3 (AT, Ti, Nb, Ta) ] (D#f HMW«I*fT 5 C 

i(cj:^r, iSffii^ (6oo°ct(±7oo 0 ct(T) {ctec»rfc 
^a»6oo°c— 7oo°crcDi^SH^/c 0 Win^ c £ to 




PI (Rffia) 

0 



P2(«a) 

0 




SOOMPa, 
650t:) 





I 



(6) 



m¥3 3 7 1 4 2 3 



C72)»H# dim 

ZMW;®ft-fcmmit— TB 1 # 1 (56)##;£J»; #13 ^F4 -131344 ( J P, A) 

^.mMxm^^mmmim^ ¥ 7 - 42560 ( j p , b 2 ) 

&m&&FHfigm4t— rm 1 # 1 # e (58)pffiL,7c#»(int.ci.\ dbs) 

Sm^,X**^tt#»MfP§fl*3 C22C 19/05 



